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A B S T R A C T
The aim of this study was to develop Gum Acacia Karroo (GAK) as set retarding-water
reducing admixture in cement mortars. Retarding admixtures are used to counter effect
the accelerated hydration of cement at elevated temperatures by slowing down the
retarding process especially during the day when concreting work is done. However most
retarding admixtures available in the market are expensive, thereby making them out of
reach for small consumers of concrete in Africa are expensive and not readily available.
GAK, which contains soluble sugars, was investigated as a set-retarding water reducing-
admixture. Setting timewasmeasured in cement pastes with different dosages of GAK and
a commercial retarding agent (Tard CE). Compressive strength, bleeding and ﬂow test
were investigated on cement mortars with the control being cement mortar without
admixture. GAKwas found to increase ﬁnal setting time by 6 h above control. Compressive
strength increased when water cement ratio was reduced from 0.5 to 0.4. Thermogravi-
metric analysis revealed increased dosage of GAK reduced hydration rate.
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Admixtures are chemical ingredients added to grout, mortar or concrete during mixing to improve the properties of the
mix in its plastic or hardened state. Uses of chemical admixtures have greatly increased during the last three decades and are
now incorporated in most mix designs. Depending on the type and the amount of admixture, different advantages can be
achieved through their use. The ancient Romans used blood andmilk to improve air entrainment [1], the Chinese used boiled
bananas and rice pasta while Mayans used bark extracts as set retarders [2]. Today both organic and inorganic admixtures
are used in construction industry to improve properties of mortar and concrete. Natural gums such as welan gum, guar gum
and lignosulfonates are used as well to improve properties of both concrete and mortar. However, unconventional natural
gums such as Gum Arabic Karroo (GAK) have not been exploited as admixtures.
Admixtures are commonly classiﬁed depending on the function and effect on concrete. Among the seven categories
included in ASTM C 494 [3] is type D admixtures which are water reducing and retarding admixtures. These admixtures
modify properties of mortars or concrete by allowing the reduction of water cement ratio and also offset the effects of high
temperatures by maintaining workability. Kamal et al. [4] classiﬁed Gum Arabic (GA) as a viscosity modifying agent (VMA).
VMAs are polysaccharides that enhance cohesion and stability of cement based systems. Water retention capacity is
increased, while segregation and bleeding properties are improved. Flowability of mortar is increased, homogeneity and* Corresponding author.
E-mail address: mbuguarose12@gmail.com (R. Mbugua).
http://dx.doi.org/10.1016/j.cscm.2016.09.002
2214-5095/ 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Table 1
Comparison of sugar content in GAK and a lignosulphate (water reducing admixture).
Sugar Content Sulﬁte Lye (Lignosulphate) Gum Acacia Karroo
Arabinose 6%a 51%b
Mannose 48%a –
Rhamnose – 1%b
Galactose 10%a 47%b
Gluconic acid – 19%b
Fructose 20%a –
Xylose + acid 15%a –
Protein – 19%b
a Ref. [11].
b Ref. [12].
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Concrete to improve workability and ensure high deform-ability. The initial and ﬁnal setting time of mortar is prolonged
when these admixtures are used. Class D admixtures have found their application in construction industry especially in hot
weather climate since they prolong the plastic state of concrete hence allowing time for transportation, placing and ﬁnishing.
Studies conducted using natural gums e.g. welan gum, [5–7], diutan and welan gum [8] showed they act as deﬂocculants
and have water reducing effects. American Concrete Institute (ACI-2005) [9] classify gum Arabic (GA) as a powerful water-
reducer for calcium sulphate plasters and is used as pumping aid. Both welan gum and gum Arabic are natural water soluble
polysaccharides. Soluble polysaccharides are usually introduced into cementitious materials to induce increase in water
retention capacity and to improve workability. Welan gum induces retarding behaviour in tricalcium aluminate-gypsum
through adsorption [10]. These gums are often used in mortars to change ﬂuidity while setting time is delayed.
GAK is one of the natural gumswhich has not been exploitedwidely for use in construction industry. It comes fromAcacia
Karroo Haynes species which grows South of river Zambezi in Africa. When an insertion is made on the Acacia tree bark, the
gumoozes out and form tears as it hardenswhen in contactwith air. It is a sticky ﬂuidwhich is pale to orange brown in colour
when solid and off white when in powder. It is valued for its emulsifying, thickening and stabilising properties [13] and it is
highly soluble in water. GAK has been shown to contain reducing sugars as well as gluconic which make it a good set
retarding and water reducing admixture. The same reducing sugars are also contained in Lignosulphate which is a good
commercial set retarding admixture. Table 1 shows the types of sugar present in both GAK and a commercial water reducing
lignosulphate.
In this research Acacia Karroo exudatewas developed as an admixture for concrete. The exudate is readily available in the
hot areas of South Africa making it a cheaper option to commercial chemical admixture. Extreme temperatures are
experienced in South Africa with some areas having summer temperatures reaching 40 8C and even 50 8C. These elevated
temperatures can adversely affect the properties of fresh concrete or cement mortar. Properties that are sensitive to
temperature increase are the initial and ﬁnal setting time, workability, hydration, bleeding and ﬂowability of mortar. GAK
which is readily available in these hot areas was used as an admixture for mortar. Most of the water reducing and set
retarding admixtures available in the market are highly priced due to expensive derivation processes, therefore increasing
the end cost of such concrete. This paper investigates utilisation of the South African Gum Acacia Karroo exudate as a water
reducing and set retarding admixture in Portland cement mortars using different dosages. Gum-yielding Acacia Karroo
Hayne species which grows wildly in arid areas and thrives well between 14 8C and 45 8C in the hot regions of South Africa
was used as source of GAK.
2. Experimental
2.1. Materials
Ordinary Portland cement (OPC) CEM-I (grade 52.5) donated by Pretoria Portland Cement (PPC) was used. X-ray
Fluorescence (XRF) was used to determine the composition of cement shown in Table 3. Distilled water was used for all the
mixes. Gum Acacia Karroo was picked from Pretoria Botanical Garden (GAKP) and Nelspruit in Mpumalanga (GAKM). The
tears (picture shown in Fig. 1 were picked by hand from Acacia Karroo where they had formed on the bark of the tree and
dried at room temperature. They were cleaned by removing pieces of bark and any foreign matter and then ground (Fig. 2)
and sieved through a 200mmsieve and stored in a cool dry place to avoidmoisture. GAKMwas only used in setting time tests
only due to its unavailability. GAKP was readily available and therefore used for other experimental tests.
Soluble sugar content of GAK was determined using 80% Ethanol and Chloroform reagents. Fifty grams of GAK was
extracted with 80% ethanol in centrifuge and put in water bath for 30 min at 30 8C. After second centrifugation and addition
of ethanol the supernatant was added. The ethanol solution contained soluble sugars, glucose, fructose and sucrose. The
precipitated ethanol solution contained soluble sugars (glucose, fructose and sucrose) 70%weight of the solids (Table 2). This
was comparable to a commercial retarder Calcium lignosulphate which contains between 50–60% sugar by weight of the
lignosulphate solids [14]. Other natural materials like molasses have been used as reducing admixtures in concrete since
Table 3
Cement composition.
Constituents Composition (g per 100 g)
SiO2 20.27
Al2O3 4.21
Fe2O3 3.05
Mn2O3 0.82
TiO2 0.32
CaO 62.68
MgO 3.14
P2O5 0.09
Cl 96.8
SiO3 2.67
Na2O 0.12
K2O 2.67
CaO2 2.67
Density (kg/m3) 3120
Blaine surface (m2/kg) 324
Table 2
Soluble sugar content of Gum Acacia Karroo and pH.
Starting mass (g) Mass of precipitate Yield (mg g1) % Yield pH
0.5389 3.7 103 6.8658 106 0.70 4.8
[(Fig._1)TD$FIG]
Fig. 1. Gum Arabic Karroo tears.
[(Fig._2)TD$FIG]
Fig. 2. Gum Arabic Karroo powder.
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they improve workability of concrete. Only GAK from Pretoria was tested for sugar content due to availability of resources.
Commercial retarding agent Tard CE used is a violet liquid with a relative density of 1.25 kg/m3. It was donated by Chryso
Southern Africa (PTY) Ltd. This retarding agent was used in the setting time test only. Standard sand was used with each bag
weighing 1350 g which complies with South African Standards(SANS 50196-1).
2.2. Testing procedures
Setting time was determined according to EN 196-03 2005 [17] method. The entire setting time test for cement pastes
was carried out at temperature between 23 2 8C at Pretoria Portland Cement Company Limited (PPC) Laboratory in Pretoria.
The humidity was controlled at 50 2%. Automatic setting time apparatus with temperature controlled bath at (20 1 8C) was
used to store the samples during the setting time test. Five hundred grams of OPCwasmixedwith GAK at 0, 0.3%, 0.4%, 0.5%, 0.6%,
0.7%, 0.8%, 0.9% and 1.0%wt (weight of cement). Tard CE (commercial admixture) dosage of 0.3%, 0.4%, 0.5%, 0.6% and 0.7%wt was
used according to the manufactures instruction. Control was neat cement paste.
Compressive strength was performed on cement mortar samples according to SANS [18]. Samples with w/c ratio of
0.5 and 0.4 (at optimum dosage of GAK only) were prepared. Powder GAK, OPC, water and sand were all batch weighed.
Dosages of 0.3%, 0.4% 0.5%, 0.7%, 0.8%, 0.9%, 1% and 1.1%wt dosage of GAK were prepared with w/c ratio of 0.5. Samples with
0.7%, 0.8% and 0.9% dosage were also prepared using a w/c ratio of 0.4 and tested for compressive strength. These samples
were chosen since at that dosage highest compressive strength was realised without reducing water and also at those
dosages it was possible to reduce the water and keeping the mortar workable. The specimens were tested at ages 2 days,
7 days and 28 days and the failure load recorded. An average of six samples per test was recorded.
Flow test was performed according to ASTM C-230:2003 [19]. A w/c ratio of 0.7 was found to have no bleeding or
segregation. The maximum diameter of spread sample and maximumwidth perpendicular to that diameter were measured
and the average of the two determined. To investigate the effect of GAK on ﬂuidity ofmortar, allmixesweremadewith 0.7w/
c ratio and GAK dosages of 0.4%, 0.7%, 0.8%, 1% and 1.1%wt. Tests were done in triplets.
Bleeding method used was developed by Josserand and Larrard [20]. The water obtained was weighed and amount
recorded after every 10min. A glass plate was used to cover the sample between two withdrawals to lower the rate of
evaporation. Bleeding was carried out at w/c of 0.5. For the bleeding test, samples with GAK dosages of 0.1%, 0.3%, 0.8% and
1%wt were prepared and compared to the control (the mortar without any admixture). Each test was done in triplets and
average recorded.
The Thermo-gravimetric analysis (TGA) test was conducted using TGA 400 Perkin Elmer analyser. At the age of testing,
pulverised sampleswere soaked in acetone for 24 h to stop hydration. Excess acetonewas decanted and sample dried in oven
at 40 8C for another 24 h. TGAwas carried out between 30 8C and 1000 8C inNitrogen ﬂowof 20ml perminutewith the rate of
heating at 10 8C per minute. Amount of samples used was about 16–22 g. The rate of hydration was determined by
estimating themass function of calciumhydroxide (CH) in themortar. Samples were tested at the age of seven days. Amount
of calcium hydroxide was determined from the TGA curve between the temperature of 410 8C and 500 8C of the
corresponding TGA peak where decomposition of CH occurred which was formed during hydration as shown in
Eq. (1). Samples containing 0.3%, 0.7%, 0.8% and 1%wt GAK dosage and w/c of 0.5 were analysed for TGA and XRD. Sample
without GAK was the control.
CaðOHÞ2 ¼ CaOþH2O (1)
Samples hydrated at seven days were used for quantitative X-Ray Diffraction analysis (XRD). The samples were analysed
with a PANalytical Empyrean diffractometer with PIXcel detector and ﬁxed slits with Fe ﬁltered Co-Ka radiation. The phases
were identiﬁed using X’Pert Highscore plus software. The relative phase amounts (% weight) were estimated using the
Rietveld method (X’Pert Highscore Plus software).
3. Results and discussion
The initial setting time for samples preparedwith commercial admixture andGAKwere generally higher than the control.
The setting time measured was dependent on the dosage of admixture. The highest initial setting time for GAK was at 0.5%
dosage of GAKP (Gum Acacia Karroo Pretoria) and extended initial setting time by 3.2 h above the control. The initial setting
time ofmortarwith andwithout GAK and that of a commercial retarderwas compared and is displayed in Fig. 3. GAKM (Gum
Acacia Karroo Mpumalanga) generally showed a lower setting time than gum from Pretoria. This gum extended the initial
setting time by 1.8 h above the control at 0.4% dosagewhile GAKP extend the initial setting time by 2.5 h above control at the
same dosage. At 0.6% dosage GAKM reduced initial setting time by 21min compared to the control while at the same dosage
GAKP extended the time by 24min above control. At 0.5% the initial setting time for GAKP was higher than the commercial
retarder by about 45min and higher than the control by 3.18 h. As dosage of GAK increased above 0.6%, less effect of
retardation by GAK was observed. Generally poor performance of GAKM could have been associated with higher amount of
impurities.
At over 0.9% dosage of GAKP and GAKM, initial setting time decreased compared to the control. This could probably be
explained by the fact that GAK was in powder and more batch water was needed to form a solution. Both GAK (in powder
[(Fig._3)TD$FIG]
Fig. 3. Initial setting time of mortar.
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all samples) to form solution. For effective retardation to occur calcium sulfate from cementmust dissolve inwater and react
with Tricalcium Aluminate (C3A) in slower manner than GAK and within the ﬁrst 30–60 s after mixing. Some hydration
products and C3A adsorb GAKwhichwas in solution before calcium sulphate solubilizes in water to react with C3A [21]. GAK
becomes unavailable to retard setting of Tricalcium Silicate thereby reducing the overall retardation process. In addition the
mix water was probably not enough to form solution and at the same time participate in the hydration process.
The commercial retarding agent (Tard CE) performed better than GAK at all dosages used as per manufacturer’s
recommendation. The highest initial time achieved with the commercial retarder was at 0.3% dosage which extended the
initial setting time by 4.03 h above the control.
The commercial retarding agent (Tard CE) performed better than GAK at all dosages used as per manufacturer’s
recommendation. The highest initial time achieved with the commercial retarder was at 0.3% dosage which extended the
initial setting time by 4.03 h above the control.
Final setting time signiﬁes the start of hardening of the cement paste. Final setting time for GAKPwas generally higher for
all dosages than GAKM as shown in Fig. 4. This could again be attributed to the impurities in the gum fromMpumalanga. The
highest ﬁnal setting time for GAKP was at 0.6% dosage with 6 h above the control but 2.8 h less than Tard CE at the same
[(Fig._4)TD$FIG]Fig. 4. Final setting time of mortar.
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whichwas 8.9 h above control and 2.9 h above GAKP at same dosage level. At dosages above 0.6% there was only 0.1% and 2%
decrease in setting time for GAKPwhen dosagewas increased from0.6% to 0.7% and 0.7% to 0.8% respectively. It was probably
due to competition for water at higher dosages with calcium sulphate from cement as explained earlier for higher dosages in
initial setting time.
When water is added to cement there is initial quick hydration reaction and formation of hydrates continues for 2–3 h.
During this period concrete is in a plastic form and can be easily placed. This period is referred to as dormant. Calcium
hydroxide and calcium silicate hydrates are formed immediately after this period. The dormant period is extended by use of
retarding admixtures. As C3S and C3A are the fastest hydrating cement reactant groups, retarding admixtures are used to
interfere with their rate of reaction. Use of GAK retarded the setting time depending on the dosage used. As the dosage
increased from 0.3% to 0.5% the initial setting time increased and after 0.6% dosage it started decreasing slowly. This could be
attributed to optimumdosagewhere further increase in dosage did not affect the setting time. Gum fromdifferent places did
not show much difference in their effect on setting time. Set retarders prolong setting time in concrete by 1–3 h
[22]. According toMailvaganamand Rixom [23]water reducing admixtures can retard the setting time ofmortar or concrete.
Prolonged setting time indicates that GAK can be used as retarding admixture at 23 8C. However further research is need to
ﬁnd out the retarding properties at higher temperatures.
There are three theories used to explain the retarding action of set retarders. These are adsorption, precipitation,
complexation and nucleation. The ﬁrst theory says that admixturemolecules are adsorbed on the surface of cement particles
hindering further reactions between cement and water. The second mechanism is where one or more cement component
reacts with admixtures to form a precipitate on cement particles causing a low permeability sheath on cement particles.
According to complexation theory (thirdmechanism) Calcium ions (Ca2+) that are released during hydration strengthens the
early hydration envelope that surround cement grains. The last theory is where the bond formation between hydration
products is impeded by the admixture poisoning the nucleating sites of C-S-H and Ca(OH)2. Though intense research has
been done on these theories it is still not very clear how retarders function.Moreover, each retarding admixture acts bymore
than one type of mechanism. Set retardation in samples containing GAK can be explained by the presence of glucose and
sucrose which formed salts that adsorb on the cement grains and poisoned the hydrates surfaces. This caused longer
induction period, longer nucleation and reduced growth of hydration products. Delayed setting time by utilising natural
admixture (molasses) containing sugar was reported by [15].
3.1. Compressive strength
Compressive strength results of control mix (without admixture) and the mortar mixes with GAK are presented in Fig. 5
showing standard errors. The strength of mortars decreased with increase in GAK dosage. For all the dosages there was
increase in strengthwith age. At 2 days the highest value was at 0.7% dosage while at 7 and 28 days the highest values was at
0.8 and 0.9% dosage. These values however were less than the control at all the ages. Comparing compressive strength at
higher dosages at 28 days, it is clear that therewas no signiﬁcant difference in strength for 0.8% and 0.9% dosage (about 0.54%
increase) and 4.7% decrease for 0.9% and 1.1% dosage level. Generally there was decrease in strength at low level dosages of
GAK. This phenomenon can be attributed to delay in the reaction of Tricalcium Silicate (C3S) and Tricalcium Aluminate (C3A)
by addition of retarder. As a result, rate of strength development was slow. Thereafter, there was an upward trend where
maximum strength was observed between 0.7% and 0.9% dosage level. Similar trend was observed for all curing ages as
shown in Fig. 5. Beyond the dosage of 0.9% therewas reduction in strength since over-dosage of retarder caused bleeding and
segregation which affected the uniformity and cohesiveness of mortar. Decrease in compressive strength of mortar for all
dosages level relative to the control was as a result of reduced gain in strength due to the retarding properties of GAK.
Retarded rate of hydration translates to slow setting timewhich in turn reduced the gain in strength. The strength ofmortars
with GAKP depended on the dosage.
[(Fig._5)TD$FIG]
Fig. 5. Compressive strength of mortar.
[(Fig._6)TD$FIG]
Fig. 6. Percentage decrease in Compressive strength relative to control.
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realised between 0.7% and 0.8% dosage level. These results were in contradictionwith [11] who reported increase in strength
after 28 days for concrete with retarding admixtures. These dosages were used for reduced water compressive strength test.
This was due to the fact that (i), highest compressive strength was achieved at this dosage and (ii) viscosity of concrete
increased due to presence of GAK and water reduction was possible while keeping the mortar workable.
Reducing the w/c ratio from 0.5 to 0.4 increased the mortar strength by 34.2% and 8.6% at 2 and 28 days respectively for
the 0.8% dosage (see Fig. 7). Increase in strength for the 0.7% dosagewas at 22.9% and 3.4% at 2 and 28 days respectivelywhile
[(Fig._7)TD$FIG]
Fig. 7. Percentage increase in Compressive strength with reduced water.
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hydration reduced thereby giving less values in percentage increase in compressive strength of samples with GAK compared
to the control. At 28 days the difference in change of compressive strength for samples with GAK had reduced.
Generally there was decrease in strength at low dosages of addition of GAK. This phenomenon can be attributed to delay
in the reaction of Tricalcium Silicate (C3S) and Tricalcium Aluminate (C3A) by addition of retarder [11]. As a result strength
developmentwas low. Thereafter, therewas an upward trendwheremaximum strengthwas observed. Beyond the dosage of
0.8% and 0.9% there was reduction in strength since over-dosage of retarder caused bleeding and segregation which affected
the uniformity and cohesiveness of mortar.
There was decrease in compressive strength for all dosages relative to the control even when the w/c ratio was reduced
from 0.5 to 0.4. This was probably due to reduced gain of strength due to the retarding properties of GAK. Retarded rate of
hydration translates to slow setting timewhich in turn reduced the gain in strength. The sharp increase in strength at 0.5% and
0.7% dosagewas probably due to the effect of increased hydration rate by higher dosages of GAK. Decrease in strengthwas also
reported by [24]. At more than 0.9% dosage decrease in strength was observed which could be associated with increase in
porosity due to air entrainment and bleeding. More pores were observed on the cubes which contained over 9% dosage.
Water cement ratio is an important factor in cement hydration. By reducing the amount of w/c ratio from 0.5 to 0.4, the
cement mortar had higher mortar density since all the water was used up for hydration. There was reduction of water
demand due to physical and chemical effects of water reducing admixtures on the surface of cement particles undergoing
hydration. Dispersion and de-ﬂocculating of cement grains alloweduse of availablewater resulting to uniformhydration and
lubrication. As hydration proceeded, the space initially occupied bywater was taken up partially or completely by hydration
products which resulted to decrease in consistency. This is a continuous process where concrete gains strength and becomes
less permeable with age.
3.2. Bleeding
Bleeding water was expressed as percentage of total water present. The control sample (without GAK) had the highest
bleeding water ratio of 3.2% while the lowest was at 0.8% dosage with 0.2% of total bleeding water reducing bleeding by 94%.
The highest bleeding water ratio (in respect to mixing water) was at 1% dosage for the mortars with GAKP as shown in
Fig. 8. This could have been attributed to high dosage of GAK causing higher de-ﬂocculation rate thereby making the mix
more watery in nature. Reduced bleeding while using VMA was also reported by [25–27].
Bleeding which is a form of segregation involves rise of water onto the surface of cast concrete as solid material settles at
the bottom. Bleeding is not necessarily harmful. Mild bleeding prevents dry out, prior to complete hydration but excessive
bleeding is deleterious to concrete structures. Entrained air can reduce bleeding. Some retarders and water reducers entrain
air up to 2–6% [2]. At 0.8% GAK dosage level, there was reduced bleeding probably due to reduction in settlement (keeping
the solid particles in suspension). However, excess dosage caused bleeding. The entrained air formed small tubes of bubbles
that are well distributed through out the mortar. Decrease in bleeding using water reducing admixtures was reported by
other researchers [28,29]. These results compared well with [30] who reported no bleeding when welan gum was used in
cement mortar.
[(Fig._8)TD$FIG]
Fig. 8. Total bleeding percentage of water obtained for the mortar samples tested.
[(Fig._9)TD$FIG]
Fig. 9. Flow of mortar.
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Flow test measures the horizontal spreads that cement mortar experiences. Water reducers make concrete more ﬂow-
able while keeping water to cement ratio constant. Fig. 9 shows the effect of GAK on ﬂuidity of mortar. At 0.4% and 0.7%
dosages there was 19% increase in ﬂow while at more than 0.8% GAK the increase in ﬂuidity was over 70.3%. Other
researchers [30,31] reported increase in ﬂow when using water reducing admixtures. Beyond the dosage of 1% GAK, the
ﬂuidity of the cement mortar increased by 0.5% only (not signiﬁcant).
Cement particles tend to form clusters which trap water within them in absence of water reducers. Increase in ﬂuidity of
themortar in presence of GAK could be due to break up of the clusters andmaintaining dispersion so that each particle exists
as an individual. This resulted in increased mobility of the fresh mortar [14]. Increase in ﬂuidity result to increased ﬂow-
ability due to increased adsorption of admixture onto the surface of cement allowing cement grains to be well distributed in
the mix. The homogeneous suspension of particles and reduced inter-particle collusion reduced internal stress making
mortar more ﬂow-able.
[(Fig._10)TD$FIG]
Fig. 10. TGA analysis for cement mortar samples with different dosages of GAK.
[(Fig._11)TD$FIG]
Fig. 11. Percentage of Ca(OH)2 present at different dosages at 7 days.
R. Mbugua et al. / Case Studies in Construction Materials 5 (2016) 100–111 1093.4. Thermogravimetric analysis (TGA) and XRD
TGA analysis results of hydrated cementmortar at 7 dayswith different dosages are shown in Fig. 10. Different peak areas
were observed. The peaks below 300 8C was associated with decomposition of ettringite (C-H-S) phases and gypsum. The
sharp drop between 410 8C and 500 8C was due to decomposition of Ca(OH)2 (CH) which is a product of hydration.
Decarbonation temperature peak of CaCO3was between 740 8C and 850 8C. CHwas estimated from theweight lossmeasured
from the TGA curves between 410 and 500 8C (Fig. 10). Results indicated 0.92% mass loss of CH for the control while 0.3, 0.7,
0.8 and 1%GAK dosage levels had 1.14%, 1.5%, 1.25% and 4.08% loss respectively as shown in Fig. 11. The low percentage of CH
at 7 days for 0.8% GAK dosage conﬁrms that high compressive strength attained was due to higher rate of hydration at that
dosage. At 1.0% dosage there is over saturation of CH due to over-dosage of the admixture.[(Fig._12)TD$FIG]
Fig. 12. XRD intensity of some minerals for different dosages at 7 days (lines are eye guide only).
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hydration and pozzolanic reaction for samples with GAK. Highest loss of CH was at 1% dosage where hydration and
pozzolanic reaction was slow due to overdose of GAK.
3.4.1. X-Ray Diffraction (XRD)
X-Ray Diffraction (XRD) analyses of samples indicate that most samples contain varying amounts of crystalline quartz,
Portlandite (Ca(OH)2), calcite (CaCO3) and Albite (Na(Si3Al)08). Other phases identiﬁed in small quantiﬁes were Hatrurite,
vaterite and Biotite. Samples without GAK did not have Biotite. The intensity of Portlandite was low at 0.8% dosage from the
XRD studies shown in Fig. 12. This conﬁrmed results obtained from the TGA analysis. At 1.0% GAK dosage there was over
saturation of Ca(OH)2 due to over-dosage of the admixture. It was difﬁcult to identify the amorphous nature of Calcium-
silicate -Hydrates due to lack of crystalline nature and its inﬁnite composition.
The XRD and TGA techniques were used as direct method for ﬁnding the degree of hydration bymeasuring the amount of
un-reacted phases mainly CH. These results were also conﬁrmed by indirect measurement of degree of hydration using the
compressive strength test. Amount of Ca(OH)2 present at seven days represented an indication of degree of hydration and it
varied with the dosage of GAK. At higher percentage of GAK there was delayed hydrationwhen the samew/c ratio of 0.5 was
used, while an increased rate of hydration was observed at lower w/c ratio of 0.4. It can be implied that sugar from GAK
adsorb on to Ca2+ ions hydrating C3 surface and poison C-S-H nucleating sites. This conﬁrmed the presence of adsorption
mechanism among others as reported by [32] who used polycarboxylate type superplasticizer which is a polysaccharides.
4. Conclusions1. Increase in dosage of GAK increased the setting time of cement grout. Delay in setting time is useful in reducing early
setting time in hot weather and preventing cold joints. GAK can be used as a retarding admixture in mortar at
temperatures between 23 8C and 25 8C.2. Compressive strength generally increased with curing age but was generally lower than the control. Reduced water
cement ratio increased the compressive strength between 0.7% and 0.9% level dosage. Maximum increase in strength was
observed at 0.8 and 0.9% dosagewhich can be taken as the optimumdosage in terms of strength. Increased strengthmeans
GAK can be used as a water reducing admixture in mortar, resulting in high strength mortar and reduction of cement
demand which in turn reduces carbon emission and energy used. This will provide construction industry with a cleaner,
greener and environmental friendly admixture.3. Bleeding of mortar decreased with increase in GAK dosage. At 0.8–0.7% bleeding was lowest due to air entrained in the
mix. There is possibility of using GAK as an anti bleeding agent at 0.8% dosage which is also the optimum dosage.4. The ﬂuidity of mortar increased with increase with dosage but did not change much after 1% dosage of GAK. This effect of
GAK on mortar could be tested on self consolidating concrete.5. The TGA results revealed the retarding effect of GAK on formation of hydration productswhichwas also conﬁrmed by XRD
studies. Therefore GAK has a set retarding effect on cement mortar.
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